Introduction
Topical oral gels intended for delivery of drug into and/or across the oral mucosa gain advantage over other dosage forms because they are easy to disperse throughout the mucosa, increase patient compliance and can be maintained on the tissue for a long time (up to 8 h) [1] . An orabase gel or a gel base used to apply onto oral mucosa is well known as a semisolid form, and is usually prepared by dispersing matrices of polymers interpenetrated by a liquid medium [2] . Gels have been widely used in oral drug delivery for topical or systemic action. Examples of topical delivery are used as antifungal [3] , anti-inflammatory [4] , and mucoprotective agents [5] .
Bioadhesive polymers are particularly attractive for the development of topical drug delivery systems, especially in gels. These polymers provide two advantages for treating oral disease, namely holding the drugs, and covering oral ulcers as a physical barrier [6] . The polymers are used to adhere to the oral mucosa for extended periods of time and provide controlled release properties [7] . Poloxamer 407, ethylene oxide and propylene oxide block copolymer, polyvinylpyrrolidone K90 and K90 (PVP K90 and PVP K90), poly vinyl alcohol (PVA), and sodium carboxymethylcellulose (SCMC) have been widely used as mucoadhesive polymers [8, 9] . Swelling or hydration is the phenomenon permitting a proper macromolecular mesh of the polymers to allow mechanical entanglement between the polymer and the mucous network [9] . Swelling increases volume as the polymer chains absorb liquid, usually water [2] and favors drug release by increasing the drug's diffusivity [10] . Water absorption is desirable at the preparation processing stage but not in the finished products in the users' oral cavity as the bioadhesive polymer may absorb water from oral cavity and make the uncomfortable feeling for some people, such as xerostomia patients. Moreover, the oral cavity is a hydrated environment that enhances water absorption, affecting to reduce mass retaining of the gel and adhesive property [10] . Bioadhesion is an attachment of macromolecules or polymers to mucus and/or an epithelial surface [9] . Thus, the appropriate orabase gel should have minimal swelling properties while retaining good adhesive properties. Hydrocarbon gel (HG) and white petrolatum (WP) were employed for their hydrophobic property with an attempt to reduce swelling of the applied gel [11] .
The in vitro oral model for mucoadhesion test in this study was conducted by using porcine esophageal mucosa and artificial saliva. The porcine esophagus is a useful and practical substitute for buccal mucosa in in-vitro studies because it provides a larger surface area, is much easier to prepare and shows histological structure and lipid composition similar to buccal mucosa [12] . The artificial saliva, prepared to simulate the physiological oral cavity, was composed of the major electrolytes of real saliva [10] . The objectives of this study were to formulate an orabase gel using bioadhesive polymers and evaluate the effect of type and polymer ratio on the swelling, mucoadhesiveness and rheological properties of the orabase gel.
Materials and methods
Poloxamer 407, poly vinyl alcohol (PVA) and polyethylene glycol 400 (PEG 400) from Sigma-Aldrich (U.S.A.); polyvinylpyrrolidone K90 (PVP30) and PVP90 from Dai-ichi Kogyo Seiyaku (Japan); sodium carboxymethyllcellulose (SCMC), hydrocarbon gel and white petrolatum from General Drugs House Ltd. Table 1 , was then followed by PEG400 to form a gel, and then HG and WP were mixed and heated to a homogeneous mass. Physical observation and measurement. The orabase gels were investigated for physical characteristics consisting of general appearance including opaque, consistency, and greasiness. Opaqueness was determined against a white background and the scale was + = transparent, ++ = translucent, and +++ = opaque. Greasiness was evaluated by applying on the skin with scores: -= none, + = low, ++ = medium, and +++ = high. Consistency also evaluated by applying on the skin and using the score of + = fair, ++ = good, +++ = very good. The pH of each gel was measured by a digital pH meter (Mettler Toledo Inc, Switzerland). The viscosity of each gel was measured by a viscometer (DV-III+, Brookfield, U.S.A.) at 25 o C, 0.5 rpm. Swelling test. Cellulose tubular membrane bags were soaked and rinsed with distilled water with one end being closed and the other opened for sample filling. Each empty bag was weighted before filling with gel sample (1 g, n = 5 each). At predetermined times, each bag was removed, dried, and weighted. Swelling ratio was calculated as shown in the following equation :
swelling ratio = Moreover, the swelling ratio in each gel at the various times were compared, and swelling time recorded at the time to constant swelling. Ex vivo mucoadhesion test. Freshly prepared porcine esophagus was obtained from a local market within 6 h after sacrifice followed by excision and immersion in phosphate buffer (pH 7.4) for use within 24 h. Mucoadhesion was modified from previously described methods [13] [14] [15] . A polypropylene tube (1 cm diameter) was attached with the excised esophagus facing the inner side out. Each sample of about 0.5 g was gently applied by finger tip onto 2 cm 2 area of the outer side of the esophagus attached onto the tube and immersed into 100 mL of a freshly-prepared solution of artificial saliva (containing 0.17% sodium bicarbonate, 0.05% sodium dihydrogen orthophosphate, and 0.02% calcium chloride in water) at 37 o C. The tube was fixed and the artificial saliva was stirred at 100 rpm by magnetic stirrer. The time taken to detach gel samples applied on the inner surface of the porcine esophagus, from immersion of the tube into the saliva and application of the sample of the 
Results and Discussions
The characteristics of the orabase gels are shown in Table 1 . All of the formulations were white, opaque, sticky, homogeneous, and some formulations, especially formulation 2, 3, 11 and 13-15 were greasy as well. The pH of the orabase gels was 5.9 to 6.6, which is in range of the human oral cavity pH (5.8 -7.6) [16] . Thus, this value suggested the suitability of the formulations for oral application with least tissue irritation. The viscosity of the orabase gels were in range of 5.7 -19 × 10 3 poises. The formulations 1, 2 and 3 had the viscosity below 10 × 10 3 poises whereas other base had the viscosity higher 10× 10 3 poises. The variability of the viscosity might come from the different network structure of formulations and effect of polymer combination. Formulation 1 has the lowest viscosity of 5.7 × 10 3 poises due to PVP30 having lower molecular weight than PVP90. This may have affected the viscosity of formulations 2 and 3 that contained PVP90 and viscosity 9.5 -10 × 10 3 poises. PVA, PVP90, poloxamer 407 and SCMC were viscosity enhancers of the gel. Note: PVA = poly vinyl alcohol; PVP = polyvinylpyrrolidone; SCMC = sodium carboxymethylcellulose; PEG 400 = polyethylene glycol 400. opaque : + = transparent, ++ = translucent, +++ = opaque; greasiness: -= none, + = low, ++ = medium, +++ = high; consistency: + = fair, ++ = good, +++ = very good
The relationship of swelling ratio and the time of different formulations is shown in Fig. 1 . When compared between groups, the swelling ratio of formulation 1 was highest (p<0.05) at all time points. The formulations that had the lowest swelling ratio were 3, 4, 9, and 10. Formulations 2, 12, 13, 14, and 15 showed medium swelling properties. Polymers would be dissolved in media and permit a mechanical entanglement to the mucous network [9] . This event was also confirmed by the times to constant swelling (Table 1) which were higher in group 12-14 (18 h) than others (6 and 12 h). It might be due to formulations 12-14 having more oil phase than water phase, so the dissolution of the hydrophilic polymer occur less than the others. Thus, the formulations that had low and medium swelling property were chosen to test the adhesion test.
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Fig1. Swelling ratio of orabase gel formulation through cellulose tubular membrane into distilled water; * p < 0.05 compared to formulation 5 (n = 5 each).
The results of mucoadhesion to the porcine esophagus of orabase gel in artificial saliva are shown in Figure 2 . The results showed the adhesion time of formulation 2 was highest (18 h) indicating that the adhesive property of the gel depends on the concentration of oil phase, which has maximum level at 55% in the gel. The optimum concentration of bioadhesive polymer showed appropriate adhesive and swelling properties [17] . Higher concentrations of polymers as in formulation 12 and 13 do not necessarily improve and perhaps reduce the mucoadhesive properties [18] . During observation periods, the gel base were dissolved at the first time following by gradually peeled from the mucus membrane. The dissolution of the polymer is essential for the relaxation and interpenetration of polymer chains providing mucoadhesive property whereas excess hydration cause decreased mucoadhesion and/or retention [19, 20] . The other factors affecting the mucoadhesive properties may be the molecular weight of polymer (>100,000), and hydrogen bonding capacity. In this study, PVP K90 had molecular weight above 100,000 and gave better adhesive properties. Poloxamer 407 has hydroxyl groups that have more potential for hydrogen bonding with glycoprotein in mucous membranes [9] . Furthermore, the hydrophobic components may augment the bioadhesiveness with the tissue as well.
The porcine esophagus tissue is a realistic oral cavity model because it is similar to buccal tissue, easy to prepare, and offers a larger surface area [12] . However, the time to detachment of orabase gel could be shorter than in the real physiological oral cavity. The limitation might come from a force of tongue during swallowing process [21] and polymer degradation from salivary enzymes [10] . 
Summary
Orabase gels composed of two major parts, a polymer part including poloxamer 407, PVP 90, and PEG 400 and a hydrocarbon part including hydrocarbon gel and white petrolatum, were formulated. PVP30 and PVA formed gels had high swelling but poor adhesion. Formulations 2 and 5, composed of poloxamer 407 and PVP90 in the polymer part and high contents of HG and WP gave optimum swelling and bioadhesive properties. Addition of 1% melatonin into some of gel bases preliminarily showed no gel disruption nor interference to the adhesion time. Further studies are required to investigate on the effect of drugs on the physical characteristics of the gels.
